Objectives: Chlorpyrifos (CPF) has been used heedlessly in India to protect crop plants from pest induced crop loss. The objective of the study was to examine the effect of CPF, a broad spectrum organophosphate pesticide, on the contraction of uterine smooth muscle in rat model.
INTRODUCTION
In modern agriculture, agrochemicals like organophosphorous pesticide plays an important role in increasing the food grain production (Gulati, 2015) . Chlorpyrifos (CPF) is a group of organophosphorous pesticide widely used in agricultural fields, food processing plants, residential pest control, paint industry and veterinary practice (Gulati, 2015) . CPF has been detected considerable amount in fruits, vegetables, grains, dairy products, meat, fishes, soft drinks and also detected in cervical fluid, cord blood, breast milk and Whitney, 2012; Lee, 2012) . CPF also exerts reproductive and developmental neurotoxicity in animals due to its endocrine disrupting function (Birnbaum, 2012; Farag, 2003; Flaskos, 2012) . The reproductive effects of CPF in mammalian animals have been reported discretely. It has also been reported that CPF causes disruption of the estrous cycle rhythmicity, impairment of the growth of primordial follicles in the ovary and disruption of the of breast cell cycle through production of reactive oxygen species (oxidative stress) (Kamalesh, 2014; Ventura, 2012) . But the effect of CPF on the function of uterus, one of the major female reproductive organ, has not been reported till date. It provides the habitat for implantation and growth of the fetus till maturation. Besides, it helps in the parturition of the fetus through its vigorous contractions. Histologically the wall of the uterus contains three layers from inside to outside; endometrium, myometrium and perimetrium. The myometrium of uterus is composed of visceral smooth muscle cells which are organized in circularly and longitudinally. These visceral smooth muscle cells provide rhythmic contraction of the uterus in the basal state due to their spontaneous rhythmic excitation intrinsically (Khan, 2001) . The basal contraction of the uterine smooth muscle cells are regulated by oxytocin released from the posterior pituitary. Estradiol released from the developing follicle of the ovary potentiates and the progesterone released from corpus luteum inhibits the oxytocin induced contraction of uterine smooth muscle (Jackson, 1998; Fanseca, 2003) . Several reproductive functions including the transport of sperms and embryo, menstruation, pregnancy and parturition will be impaired if the basal uterine contractions are changed due to alterations in the levels of oxytocin and ovarian estradiol and progesterone. Considering the toxic effects of CPF on the functions of several reproductive organs, we predict that CPF might exert harmful effects on the function of uterine smooth muscle cells. So, the objective of the present study was to examine the probable effects of CPF on the contractions of uterine smooth muscle in rat.
MATERIALS AND METHODS

Chemicals and reagents
All the reagents used this study were of analytical grade. Sodium chloride (NaCl), Potassium chloride (KCl), Calcium chloride (cacl 2 ), Sodium bicarbonate (NaHCO 3 ), Magnesium chloride (MgCl 2 ), Sodium dihydrogen phosphate (NaH 2 PO 4 ), and Glucose were procured from E. Merck, India. Chlorpyrifos (CPF) was purchased from Devidayal (sales) Limited, Mumbai, India.
Oxytocin was purchased from E. Merck, India. 
Animals
Adult female Charles foster rats aged 16-18 weeks and weighing 120-160gm were selected for the experiment. The animals were matched with age and by body weight across the treatment groups at the start of the experiment. Rats were housed in polypropylene coated plastic cage containing paddy husk bedding. Polypropylene cages contained female Charles foster rats, were kept in the animal house and maintained at an average temperature of 27
• ± 1 • C with 12:12h light and dark cycle (light on around 8-9 A.M).
Ethical approval
The rats were kept in the Molecular Neurotoxicology laboratory, Department of Physiology, University of Kalyani and were maintained as per recommendation of the animal ethical committee of University of Kalyani in accordance with the national guidelines.
Experimental setup
Animals showing normal and regular estrous cycle (4 to 5 days) for at least three consecutive times were selected for the study. After 10 days of acclimatization, the rats were distributed to three groups. The rats of the first group were received standard laboratory diet and were designated as control group. The rats of the second and third groups were received 5.4mg/BW/d and 8.1 mg/BW/d chlorpyrifos for 30 days duration and were termed as treated groups. After completion of treatment, rats were sacrificed by cervical dislocation and blood was collected for the determination of estradiol and progesterone. For study of uterine movement, rat was sacrificed and abdomen was immediately opened and the uterine segment of 4 cm was removed by transverse incision. Estrous cycle study (Bancroft, 2002) was performed to identify the specific phase on the day of experiment.
Uterine motility study
Devices: Glass jar Bath
A glass water bath of about 750 mL capacity fitted into a metal stand in which a fixed heater was located to maintain the temperature as required. An inner glass tube (Organ bath) of 40 mL capacity passed through the bottom of the stand and was connected by a T-shaped glass tube.
Preparation of rat's uterus
The mature female Charles foster rats at different phases of estrous cycle (i.e. proestrus, estrus, metestrus and diestrus) were used where vaginal lavage was performed for detection of the stages of sex cycle of the animals. Animals after being examined were sacrificed and the uterus was dissected out and luminal content was gently flushed out. Uterine horn was suspended in the organ bath containing warm oxygenated (95% O 2 and 5% CO 2 ) physiological salt solution (Nacl 8.0g/l, KCl 0.20g/l, CaCl 2 0.2g/l, MgCl 2 0.1 g/l, NaHCO 3 1.0 g/l, NaH 2 PO 4 0.05 g/l, Glucose 1 g/l, PH 7.4) at 37±0.5
• C. One part of each uterine strip was connected with glass hook placed at the bottom of the organ bath and another part was attached to the isotonic transducer using metal thread.
Recording of uterine motility using RMS Polyrite D and Isotonic transducer
The uterine movement was achieved with isotonic transducer (IT-2245) coupled with RMS Polyrite D, Software (RMS, INDIA).
Hormonal study
Levels of serum 17-β estradiol (E2) and progesterone (P4) were estimated by enzyme-linked immunosorbent assay (ELISA) methods using kits of ERBA Diagnostic GmbH Mannheim Germany.
Statistical analysis
Uterine activity was characterized by episode of uterine contractions separated by periods of silence. All the data were expressed as mean± SEM of the value of each experimental group. Force of contraction was measured in terms of amplitude, frequency and duration. Statistical comparisons between the values obtained in control and in treated rats were carried out by using a Student's t test for paired group. The number of the uterine preparation used in each experiment is indicated by the alphabet 'n' in the result. P value <0.05 is considered as statistically significant.
RESULTS
Effects of CPF on the basal contraction of uterine smooth muscle
To examine the effect of CPF on the basal contraction of uterine smooth muscle, the effects of CPF on the contraction of uterus ex vivo of CPF exposed groups of rats in proestrus, estrus, metestrus and diestrus phases of an estrous cycle have been studied. In our study, we have observed a significant inhibition of the force and increase in frequency of the contraction of uterus in all phases (i.e. proestrus, estrus, metestrus and diestrus) of an estrous cycle dose dependently in CPF exposed groups of rats compared to control groups of rats (Table 1and Figure 2 ). Effects of CPF on the levels of serum estradiol and progesterone in CPF exposed groups of rats.
We have found a significant decrease in the level of estradiol in a dose dependent manner and insignificant decrease in the levels of progesterone in all doses tested in CPF exposed groups of rats (Table 2) . Effect of oxytocin on the contraction of uterine smooth muscle pre incubated with CPF.
The oxytocin induced potentiation of the force and frequency of the contraction of uterus was significantly antagonized when the oxytocin is applied in CPF pre incubated uterus ( Figure: 3 and Figure 4 ). 
DISCUSSION
The uterine smooth muscle cells organized circularly and longitudinally in the myometrium of uterus provide the basal contraction of uterus needed for the several basic female reproductive functions viz. transport of sperm and embryo, implantation of the embryo and parturition of the mature fetus. The above female reproductive functions will be impaired if the pattern or force and frequency of the contractions are changed due to toxicity caused by CPF within the smooth muscle cells. The aim of the study was to examine the effect of CPF on the contraction of uterine smooth muscle in rat. In this study we found a significant inhibition of the force and increase in frequency of the contraction of uterus in all phases (i.e. proestrus, estrus, metestrus and diestrus) of an estrous cycle dose dependently in CPF exposed groups of rats compared to control groups of rats ( Figure 2 and Table 1 ). This result indicates that CPF alters the contraction of the uterine smooth muscle probably by inhibiting the facilitatory action of oxytocin released from posterior pituitary for maintaining basal contraction of uterus during different phases of an estrous cycle. The inhibiting action of CPF on oxytocin might be due to direct inhibitory action of CPF on oxytocin in uterine smooth muscle cells and/or inhibiting the secretion of estradiol from ovary. Because estradiol normally promotes the sensitivity of oxytocin in oxytocin induced promotion of contraction of uterine smooth muscle probably by increasing and/ or promoting the receptor expression of oxytocin and α adrenergic signaling which modulate membrane Ca ++ channels (Jackson, 1998; Fanseca, 2003) . It has also been reported that progesterone inhibits the oxytocin sensitization in uterine smooth muscle cells. To examine the involvement of estradiol and progesterone in CPF induced inhibition of the contraction of uterine smooth muscle, the serum levels of estradiol and progesterone in CPF exposed groups of rats have been determined. We observed significant decrease in the level of estradiol and insignificant increase in the level of progesterone in a dose dependent manner in all test groups of rats. This result suggests that CPF probably inhibits the contraction of uterine smooth muscle by inhibiting the secretion of estradiol from the ovarian follicular cells. From the results, we hypothesize that CPF inhibits the contraction of uterine smooth muscle probably by decreasing the estradiol sensitivity to the action of oxytocin. In support of our hypothesis, we have examined the effect of oxytocin in different doses on the contraction of uterus ex-vivo in CPF pre incubated uterine preparations. We have observed significant counteraction in the oxytocin induced potentiation of the tonic tension of the uterine muscle in CPF pre incubated uterine preparation in single dose acute experiment ( Figure  3 and Figure 4 ). This result supports the hypothesis that CPF might inhibit the contraction of uterine smooth muscle probably by decreasing the estradiol sensitivity to oxytocin action. Considering the entire results we may conclude that CPF depresses the female reproductive functions probably by impairing the function of uterus. The CPF induced impairment in the function of uterus might be due to inhibition of the contraction of uterus due to CPF induced inhibition of the secretion estradiol from ovary in rat.
CONCLUSION
Chlorpyrifos (CPF) impairs the female reproductive functions by depressing the motor function of uterus and endocrine function of ovary. CPF induced depression of the function of uterus might be due to inhibition of the estradiol dependent contraction of uterine smooth muscle. The results obtained in rat model may be extrapolated in human females who have been suffering from infertility due to long term CPF exposure.
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